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, (Linear Second-Order Cone Program: LSOCP) [1]
.
(LSOCP) niinimize $c^{T}.\iota^{1}$
(1)subject to $A:?+b\in K$
, $\mathcal{A}\in \mathbb{R}^{r\iota\cross m},$ $b\in \mathbb{R}^{n},$ $c\in \mathbb{R}^{rtl}$ , $K\subseteq \mathbb{R}^{n}$ $n_{i}$
$K^{(n_{i})}:=\{\begin{array}{ll}\{\tau t=(v_{1},\overline{u})\in \mathbb{R}\cross \mathbb{R}^{n_{i}-1}|v_{1}\geq\Vert\overline{u}\Vert, v_{1}\in \mathbb{R},\overline{\tau\int.}\in \mathbb{R}^{n_{i}-1}\} (n_{i}\geq 2)\mathbb{R}_{+}=\{u. \in \mathbb{R}|u\geq 0\} (n_{i}=1)\end{array}$
,
$K=K^{(rr_{1})}\cross K^{(n_{2})}\cross\cdots\cross K^{(r\iota_{p})}$
. , $?l_{1}+’\iota_{2}+\cdots+n_{p}=\prime l$ , $\Vert\cdot\Vert$
. ,1 $n$ , $ll_{1}$ , $n-1$ 1
$\overline{U}$ . , $(U_{1},\overline{?1\cdot})\in \mathbb{R}\cross \mathbb{R}^{\tau?-1}$ $( \frac{u_{1}}{(\{})\in \mathbb{R}^{n}$
.
LSOCP . ,
, Antenna arrav weight design ,
[5]. , 1
, LSOCP (Linear Prograrn: LP)
, (Quadraric Program: QP) , LSOCP
. , LSOCP
(Seinidefiiiide Prograin: SDP) [11] . , SDP
, LSOC’P SDP ,
.
LSOCP , .
[15] . [10, 15]
, ,
[9, 8]. LP ( ) [2]
( ) . , Pataki [7]
, LSOCP SDP LP
. , SDP . ,
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LSOCP . , , LP
,
. , (extrerne point) ,
, . , ,
.
, LSOCP
, . , ,
LSOCP .
, LSOCP , LSOCP
LSOCP . , ,
, , LSOCP
.
, LSOCP , LSOCP (Linear
Seini-Infinite Program: LSIP) , LSIP Dual-Simplex Primal-Exchange
(DSPE ) . LSIP , ,
, .
, , LSOCP
. , LSOCP LSIP
, [6] LSOCP . , LSIP
DSPE , .
. 2 , LSOC’P LSIP , LSOCP LSIP
. 3 LSIP DSPE ,
LSIP LSOCP . 4 ,
$LSOC^{t}P$ , 3
,
. 5 , .
2
2.1
, LSIP , .
LSIP .
$r11i_{11}i_{111}ize$ $(_{-}^{-.T_{?}}$ .
subject to $0_{t}^{T_{\gamma}}.\iota\cdot\geq b_{t}(\forall t\in T)$
(2)
170
$c\in \mathbb{R}^{m}$ , $T$ , $cx_{t}=o(t)=(a_{1}(t), \ldots, a_{m}(t))^{T}$
$T$ $\mathbb{R}^{m}$ , $b_{t}=b(t)$ $T$ $\mathbb{R}$ .
(2) , [16] Haar
. $T$ , $a_{t},$ $b_{t}$
$T$ . , .
maximize $\int_{T}b(t)\mu(dt)$
subject to $\int_{T}a(t)\mu(dt)=c$ (3)
$\mu\in \mathcal{W}_{\backslash }^{-}\mu\geq 0$
, $w/^{r}$ $T$ , $\mu\geq 0$ $T’\subseteq T$
$\mu(T’)\geq 0$ . , , $T$
, . , (3)
, $\mu$ 1 Haar . ,
$supp\lambda$ $:=\{t\in T|\lambda_{t}\neq 0\}$ $\lambda$ : $Tarrow \mathbb{R}_{+}$ ,
$\mathbb{R}_{+}^{(T)}:=\{\lambda:Tarrow \mathbb{R}_{+}||supp\lambda|<\infty\}$ . , (3)
. , (2) Haar
.
maximize $\sum\lambda_{t}b_{t}$
subject to $\sum_{t\in T}^{t\in T}\lambda_{t}a_{t}=c$ (4)
$\lambda\in \mathbb{R}_{+}^{(T)}$
, $\sum_{t\in T}$ $t\in supp\lambda$ $t\in T$ .
(4) , (3) ,
(3) (4) [4, $CIl1$ apter8]. , $T$
, , (4) .
, , Haar LSIP .
2.2
, LSOCP LSIP
. , $k$ $K^{(k)}$
.
2.1. [12, 22] $k-1$ $\tilde{T}:=\{t\in \mathbb{R}^{k-1}|\Vert t\Vert\leq 1\}$ . ,
$(tl_{1}, \overline{\iota p})\in K^{(k)}$
$u_{1}\geq t^{T}\overline{u}$ $(\forall t\in\tilde{T})$ (5)
.
1 “ ’ .
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, $\triangleright\hat$ ’ $0$) $\triangleright\hat$ , $\acute$1 $b$ .
$\lrcorner 4=(\lrcorner\underline{)}A\lrcorner,$ $b=(\begin{array}{l}(\frac{b}{b}\rfloor 11)\vdots(\frac{b}{b}pp1)\end{array})$
, $0^{i}\in \mathbb{R}^{m},$ $A^{i}\in \mathbb{R}^{rn\cross(r?_{i}-1)},$ $(b_{1}^{j}.\overline{b}^{l})\in \mathbb{R}\cross \mathbb{R}^{n_{i}-1}(i=1\ldots., p)$ . ,
LSOCP (1)
$(\begin{array}{l}(o^{i})^{T}.\iota\cdot+b_{1}^{i}(A4^{i})^{T}\tau\cdot+\overline{b}^{i}\end{array})\in K^{(n;)}$ $(i=1, \ldots I^{j})$
. , 2.1 , LSOCP(1) LSIP
.
iniiiiinize $c^{T}:\iota$
subject to $(0^{i}-A^{i}t^{i})^{T}:\iota\geq(t^{i})^{T}\overline{b}^{j}-b_{1}^{j}(\forall t^{j}\in\tilde{T}^{i}i=1 , . . . , I^{j})$
(6)








, LSOCP LSIP . , LSIP
DSPE [ $A$ . Ciliapter 12] . DSPE
LSOCP LSIP .
3.1 Dual-Simplex Primal-Exchange
DSPE LP LSIP , ,
, (exchange)
. , – LSIP(2) DSPE ,
.
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DSPE , (4) . ,
$\mathbb{R}^{(T)}$ , (4) .
$C’\subseteq \mathbb{R}^{(I^{J})}$ $(-\in C’$ 2.
3.1. $C’\subseteq \mathbb{R}^{(T)}$ , $(^{-}$ C’ . , $c=(1-l^{\ell})c_{1}+l^{\ell C_{2}}$
($- 1,$ ($- 2\in C\backslash \{r\cdot\}$ $\mu\in(0,1)$ $lh^{\backslash },$ $(^{-}$ C’ (extreme
point) .
(4) A: $= \{\lambda\in \mathbb{R}_{+}^{(T)}|\sum_{t\in T}\lambda_{t}0_{t}=r\cdot\}$ . A
, . , A .
$\bullet$ $\lambda\in\Lambda$ , $o_{t}(t\in Stlpp\lambda)$ [3,
Theorem 3.1].
$\bullet$ $\lambda\in\Lambda$ $|s\iota\iota pp\lambda|=\prime n$ , .
, DSPE , $o_{t}(t\in s\iota\iota pp\lambda)$ . ,
3.1 , DSPE $\{\lambda’\}\subseteq \mathbb{R}_{+}^{(T)}$ A
.
LP , DSPE
$\lambda^{r}\in R^{(T)}$ . ,
$\lambda\in A$ , $S\subseteq T$ 2 , $A9$’ $\lambda$ .
(i) $S\supseteq Supp\lambda$ .
(ii) $o_{t}(t\in S)$ $\mathbb{R}^{77l}$ .
(ii) $|S|=\prime n$ , $S$ $\lambda$
. , (i), (ii) , $\lambda$ , $S$ ,
$S=supp\lambda$ . , LP DSPE , $\lambda^{r}(7^{\cdot}=1,2, \ldots)$
, 3. 1 , , ,
.
, DSPE . , $o_{t}(t\in T)$
$\uparrow\eta$ 3, , $\in\{0,1,2, \ldots\}$ $\lambda’$ .
, $C\neq 0_{7n}$ , $\Lambda\neq\emptyset$ .
Dual-simplex primal-exchange method (DSPE $\grave{/}\backslash \yen$ )
Step $0$ $\lambda^{0}$ , $”:=0$ . , So $\subseteq T$ $\lambda^{0}$
.
Step 1 $a_{t}^{T,}.\iota\cdot=b_{f}(t\in S_{\gamma}.)$ , $l_{\Gamma}$ .
Step 2 $a_{t}^{T}J^{\Gamma}-b_{t}<0$ $t\in T$ , $t_{in}^{7}$ . ,




Step 3 $s_{\iota}\iota\iota p\iota$) $q^{\Gamma}\subseteq s_{\Gamma}’h^{a}$ $\sum_{t\in.9},$ $q_{t}^{\gamma}a_{t}-0_{t_{in}^{t}}$. $g^{\Gamma}\in \mathbb{R}^{(I)}$ .






Step 5 $\lambda^{r\cdot+1}$ $S_{r+1}$
$(t\in 6_{\gamma}..\dagger\neq t_{out}^{l})$
$(t\in T\backslash S,..t\neq t_{in}^{r})$
$S_{r+1}:=S_{\Gamma}\cup\{t_{i_{I1}}^{r}.\}\backslash \{t_{out}’\}$
. $7^{\cdot}$ $:=’\cdot+1$ , Step 1 .
DSPE .
3.1. [4. Theorem 12.2] LSIP DSPE $\{(\tau^{r}, \lambda^{r})\}$
. , 3 .
(i) Step2 , $\iota’$ . $\lambda^{r}$ (2), (4) .
(ii) Step 4 , (4) , (2)
.
(iii) , $\lambda^{r\cdot+1}$ A ,
$\sum_{t\in T}\lambda_{t}^{r}b_{t}<\sum_{t\in T}\lambda_{t}^{r\cdot+1}b_{t}$
.
. St $e$}$)2$ , $l^{\Gamma}$
, , $\iota^{\Gamma}$ , $I^{\Gamma}$
. ,
, , $t_{i_{I1}}^{7}=\arg\iota$ni $11_{t\in^{\prime\neg}},\{0_{t}^{T}.\iota^{\Gamma}-b_{t}\}$
, . $t_{iii}^{\Gamma}$
. , LSOCP LSIP $t_{in}$
. St $ep4$ . ,
Step 1. St $\in^{\backslash }\iota$) $3$ .ir’ $g$ ’ , $l$
, .
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3.2 LSOCP LSIP DSPE
LSIP(6) DSPE . DSPE , Step 1
.Ir Step2 $\overline{t}^{\Gamma}=\arg\min_{t\in T}\{0_{t}^{T,}.\iota^{\tau}-b_{f}\}$ $\overline{t}’\in T$
, - $\sim t$ . ,
LSIP(6) , $\neg t$ .
, LSIP(2) $T$ , LSIP(6) $\tilde{T}^{i}(i=1, \ldots,1^{j})$ , ,
$T=\tilde{T}^{j}\oplus\tilde{T}^{2}\oplus\cdots\oplus\tilde{T}^{\gamma\prime\prime}$
. , $T$ $i\in\{1, \ldots, p\}$ $t^{i}\in\tilde{T}^{i}$ ,
$t=(i, t^{i})$
. , $r$ $:r^{r}$ $\tilde{T}^{i}=\{t^{i}\in \mathbb{R}^{n_{i}-1}|\Vert t^{i}\Vert\leq 1\}$








, $\neg,it$ , $s^{r,i}$ . ,
$\overline{i}_{7}$. $:=$ argmin $s^{r,i}$ (8)
$i=1,\ldots,p$
$\overline{t}^{r}:=(\overline{i}_{r},t\neg,\overline{i}_{r})$ (9)




, $s_{r}\geq 0$ , $a^{r}$ LSIP(2) .
DSPE LSIP(6) . , DSPE
. , . $r$
$S_{r}\subseteq T$ . , $t=(i, t^{i})\in T$
$(\tilde{j\lambda}_{f}:=a^{i}-A^{i}t^{i}$ (11)
$\tilde{b}_{t}:=(t^{i})^{T}\overline{b}^{i}-b_{1}^{i}$
. , (6) DSPE .
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LSOCP LSIP DSPE
Step $0$ $\lambda^{0}$ . $’:=0$ . .S’0–b$\grave$ upp $\lambda$0 .
Step 1 $\tilde{O}_{f}^{T,}.I’=\tilde{b}$ , $x’$ .
Step 27 (9) , $t_{i_{11}}^{r}:=\overline{t}^{r}$ . (10) $s_{\Gamma}$ ,
. , Step3 .






Step 5 $\lambda^{r+1}$ $S_{r+1}$
$(t\in S_{\Gamma}. t\neq t_{out}^{r})$
$(t\in T\backslash 6_{\Gamma}’. t\neq t_{in}^{r})$
$S_{r+1}:=5_{r}^{v}\cup\{t_{in}^{r}\}\backslash \{t_{out}^{r}\}$







DSPE . (7) [3] .
lllin $\tilde{\lambda}_{1}+\tilde{\lambda}_{2}+\cdots+\tilde{\lambda}_{m}$
subject to $\sum_{i=1}^{p}\sum_{t^{j}\in\overline{T}^{i}}\lambda_{t^{i}}^{i}(0^{i}-A^{i}t^{j})+\sum_{j---h}^{n?}\tilde{\lambda}_{k^{\not\in}’ k}=c$ (12)
$\lambda^{i}\in \mathbb{R}_{+}^{(T_{i})}(i=1\ldots., p),\tilde{\lambda}_{k}\geq 0(k=1, \ldots, \prime n)$
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3.2. [3, Theorem 6. 1] (7) (12) .
, (12) l) .
$\bullet$ (12) , $u_{a}\geq 0$ .
$\bullet$ $v_{a}>0$ (7) .
$\bullet$ $v_{o}=0$ , , (7) .
1 $\lambda$ DSPE (6) .
, 2 .
DSPE
Step 1 (7) (12) , DSPE .
, $0$ , Step2 . $0$ , (7)
.
Step 2 Step 1 , (7) DSPE
.







$K$ , $b,$ $(-$
. , ,
SDPT3[9] 3 DSPE ,
. , DSPE , ,
.
, , 1
, , DSPE SDPT3
.
4 , $c$ , (7) , $c$
$-1$ .
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, LSOCi3 . , LSOCtP(1)
$K^{n,}(i=1, \ldots.\rho)$ $b$ $b^{j}--(b_{1}^{\iota},\overline{b}^{i})\in \mathbb{R}\cross \mathbb{R}^{n;-1}$
, $\overline{b}^{j}$ $(-1,1)$ . , , $(0,1)$ –
, $b_{1}^{j}:=(1+’\cdot)\Vert\overline{b}^{j}\Vert$ . , Il. $(-$ $(-1.1)$
. $4$ . $b$ . $c$ , $b_{1}^{j}\geq\Vert\overline{b}^{i}\Vert$ , LSOCP(1)
.l’ $=0$ . , , I. $SO(\P$
,
, . ,
DSPE Step2 $s_{7}$ . $\geq-10^{-8}$ . ,
, CPU Pentium4 $(3.2GHz\cross 2)$ $2GB$ ,
MATLAB74 .
4.1 $b$
LSOCP(1) $A,$ $c$ , $b$ $b^{1},$ $b^{2},$ $\ldots,$ $b^{10}$ 10
$\mathcal{L}=$ $\{$LSOCP $(b^{k})\}_{h\cdot=1}^{10}$
. , $\{b^{k}\}_{k\cdot=1}^{10}$ . , $b^{1}$
. $b^{k}(h\cdot=2\ldots..10)$ .
$b^{k}:=b^{k-1}+ \frac{\overline{\delta}\Vert b^{k-1}\Vert}{\sqrt{?l}}\tau’’$ (13)
, $\delta>0$ , $ll^{n}\in \mathbb{R}^{r?}$ $(-1.1)$
. $b^{k}$
, SDPT3 DSPE
. , $\mathcal{L}=\{LSO\mathfrak{c}\tau\prime P(b^{\wedge})\}_{A\cdot=1}^{10}$ $I\supset SPF_{\lrcorner}$ , LSOCP $(b^{1})$
, , $I_{\lrcorner}SOC^{t}P(l^{k}))(h\cdot=2\ldots. , 10)$
, LSOCP$(b^{k-1})$ 5 , LSOCP$(b^{k-1})$
. , (7) , $b$ ,
, .
, , , $n$ $K$ $(\prime n, K)$ 8 ,
(13) $\delta$ , $10^{-6}.10^{-.\overline{\supset}}$ 2 , $(’\Gamma l. K. \delta)$ 10
$\mathcal{L}_{j}=$ $\{$ LSOC‘ $P(b^{k\cdot.j})\}_{\Lambda\cdot=1}^{10}(i=1. . . . . 10)$ , , 100 .
1. 2 . , $(\prime r1.K)$ , $(^{\}Pl_{tota}|$ 1 $\mathcal{L}_{j}$ ,
10 LSOCt$\supset(b^{1.j})(A\cdot=1.2\ldots..10)$ C’PU
, $C^{t}PL’.-$ LSOCi$\supset(b^{1.j})$ $C^{t}PI^{v}|$ .
, $(\prime n, K)$ 10 $(i=1.2\ldots., 10)$ . ,
2.1 $\delta=10^{-6}.10^{-.J}$ . , DSPE ,
$\mathcal{L}$ 1 2
5 , LSOCP $(b^{k})$ . LSOCP $(c^{k})$ . LSOCP $(_{J}4_{k})$ , LSIP
(7) $\backslash *$
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. , SDPT3 , LSOCP $(b^{k,j})(k=1,2, . . . , 10)$




LSOCP(1) $A,$ $b$ , $c$ . 4.1
, $c^{k}$ $\mathcal{L}$ .
$c^{1}:=$ ( $(-1,1)$ )
$c^{k}:=c^{k-1}+ \frac{\overline{\delta}\Vert(k\cdot-1\Vert}{\sqrt{7n}}u^{m}(k=2.3, \ldots , 10)$
$\mathcal{L}=$ $\{$LSOCP $(c^{k})\}_{A,=1}^{10}$
, $\delta>0$ , $u^{m}\in \mathbb{R}^{m}$ $(-1,1)$
. $c^{k}$
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$\mathcal{L}=\{LSOC^{t}P(c^{k})\}_{k=1}^{10}$ DSPE , 4. 1 ,
LSOCP $(c^{k})$ LSOC’P $(c^{k-1})$ ( (7) )
. , LSOCP $(c^{k-1})$
6 LSOCP $(c^{k})$ . , LSOC.t.P $(c^{k})$
.
LSOCP $(c^{k-1})$ $S_{k-1}^{\prime*}$ .
$c=c^{k}$ (7) , $\grave \mathcal{D}$ , stipp $\tilde{\lambda}=6_{k-1}^{*}$
$\tilde{\lambda}\in \mathbb{R}^{(T)}$ . ( $\prime n$ . ) $\tilde{\lambda}\in \mathbb{R}_{+}^{(T)}$
, $\tilde{\lambda}$ LSOCP$(c^{k})$ . ( $S_{k-1}^{*}$
. ) , $\lambda\not\in \mathbb{R}_{+}^{(T)}$ ,
.
, 4. 1 , $(rn. K. \delta)$ 10 $\mathcal{L}_{j}=\{LSOCP(b^{k_{t}j})\}_{k=1}^{10}(i=$
L. . . . 10) .
3,4 $l$ . $C^{t}Pl^{T_{tota1}}$ $C^{t}PU_{first}$ . , hot
start LSOCP$(c^{k})$ ,
, “ $\grave$ , 7. , 10 $\mathcal{L}_{j}(j=1, \ldots, 10)$
. , 3,4 $\delta=10^{-6},$ $\delta--10^{-5}$ .
$\delta$ $10^{-6}$ , , SDPT3
. $K$
. , $10^{-5}$ ,
.
6 J!ts Efip lX Bfe -(r, LSOCP $(c^{k}),$ LSOCP $(A_{k})$ , LSIP (7)
$\backslash$




, LSOCP LSIP , LSIP
LSOCP . , LSOC’P
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